Nickel biosorption ability was evaluated in two bacterial strains: Acinetobacter baumannii UCR-2971 and Pseudomonas aeruginosa UCR-2957, resulting in greatest adsorption at pH 4.5 and a residence time of 100 minutes. Biosorption isotherms showed that the process follows the Langmuir model. The maximum adsorption rates (N max ) were 8.8 and 5.7 mg·g -1 for A. baumannii and P. aeruginosa, respectively; however, affinity constants suggest that P. aeruginosa (K=1.28) has higher affinity for nickel than A. baumannii (K=0.68). It is suggested that both strains could be used for wastewater treatment, as long as the concentration of Ni 2+ is within the range of mg·L Nickel is an important environmental inorganic pollutant, with allowed levels under 0.04 mg·L -1 in human consumption water. Higher concentrations affect normal flora in ecosystems and are toxic for human beings.
Nickel is an important environmental inorganic pollutant, with allowed levels under 0.04 mg·L -1 in human consumption water. Higher concentrations affect normal flora in ecosystems and are toxic for human beings.
Conventional chemical methods for heavy metal removal from wastewater (precipitation, filtration, ion-exchange, reduction-oxidation) are expensive and ineffective, particularly when metal concentration is low (4, 12, 13) . Thus, biotechnological methods such as biosorption are emerging as an interesting alternative. Since cells are metabolically inactive in non-viable biomass systems, metal interactions occur at the superficial level (14) . Bacteria express a wide range of complex molecules on their cell wall, which confer anionic net charge to the cell surface at acidic pH values (13) . In Gram negative bacteria, the lipopolysaccharide, a highly anionic structure, has been identified as the main binding site for metals (9) . When the cell wall is in direct contact with the environment, negatively charged groups are able to attract and bind metallic cations based on electrostatic forces, without cellular energy consumption, an effect that is favored by the high surfacevolume ratio in bacteria (3, 5) .
In this work, nickel biosorption ability was investigated using bacteria isolated from wastewater contaminated with heavy metals (34.9 ± 9.0 mg Ni 2+ ·L -1 ; 31.5 ± 4.0 mg Pb 2+ ·L -1 ). The sample was aseptically filtered (0.45 µm membrane); the residues were resuspended in 100 mL Trypticase Soybean Broth (TSB, Difco) and incubated at 25ºC for four days. Then, 0.1 mL from the TSB were inoculated in Blood Agar, Cetrimide Agar (Difco), and Mac Conkey Agar (Oxoid) plates and incubated for 48 hours at 25ºC. Isolated strains were identified using the automatic VITEK system (BioMèrieux, Inc); Acinetobacter baumannii (UCR-2971) and Pseudomonas aeruginosa (UCR-2957) were the selected strains. For biomass production, these strains were inoculated in TSB and agitated (80 rpm) in a thermal bath (Orbit 3540, Labline), for 72 hours at 28ºC. The TSB was centrifuged at 5000 rpm for 10 minutes and biomass was washed three times with sterile distilled water and dried at 56ºC for 48 hours. The inocula of each adsorption assay were prepared by suspending 5.0 mg of dry biomass in 0.5 mL of sterile saline solution (0.9%).
To determine optimal adsorption conditions, a series of flasks containing 100 mL of an initial solution of Ni 2+ (1.00±0.01 mg·L -1 ) were inoculated with each strain and maintained in agitated bath (80 rpm) at 28ºC. Three values of pH (2.5, 3.5 and 4.5) and four residence times (60, 80, 100 and 120 minutes) were evaluated. After that, 12 mL of each flask were centrifuged 10 minutes at 1500 rpm and the final concentration of Ni 2+ was determined in the supernatant by atomic absorption spectroscopy (Perkin Elmer model 3300), according to the methodology recommended by APHA (1).
The assays were repeated at optimal conditions (pH 4.5 and residence time 100 minutes) with Ni 2+ solutions of 1.00, 0.80, 0.60, 0.50, 0.40 (± 0.01) mg·L ), Cf the final concentration in the solution (mg·L -1 ) and K is a constant related to the affinity between the metal and the biomass (2, 7, 8, 14) .
Optimum pH values for bacteria biosorption are acidic, since the cell wall keeps negatively charged (13) . pH values above 5 are known to result in nickel precipitation (14) and therefore were not evaluated. For both strains, an increment of Ni 2+ adsorption was observed, as the solution pH increased from 2.5 to 4.5 ( Fig. 1 ). This might be explained because at very low pH values functional anionic groups could be bound to hydronium ions (H3O + ), leading to restriction of cation uptake as result of charge-repulsion forces, which become stronger as pH decreases (2, 12) . In similar studies with other metal cations, Malekzadeh et al. (11) isolated a strain of Pseudomonas sp. highly capable of accumulating uranium at pH 6.5; also, Leung et al. (10) found that lead and copper uptake by P. pseudoalcaligenes and Micrococcus luteus increases as pH values raise from 2 to 6.
Optimum pH value for nickel adsorption was 4.5, with optimum residence time of 100 minutes for both strains (Fig. 1) ; once this time elapsed, uptake diminished, which agrees with biosorption models, where the process can be considered as an equilibrium that involves adsorption and desorption, due to saturation (12) . Similar studies report maximum nickel adsorption at pH 5 and optimum residence times of 100 and 120 minutes for nickel uptake by different microorganisms (2, 12, 14) .
Biosorption kinetics has not been completely defined, but some authors propose that it follows a pattern close to the empiric model described by Langmuir (2, 6, 7, 8, 15) . The high correlation coefficients obtained from linear regression of of A. baumannii and 6.1 g·L -1 of P. aeruginosa biomass would be theoretically necessary to remove all the nickel of the wastewater analyzed. Clearly, it would not be feasible to employ this kind of microbial biomass as the only method to eliminate nickel from wastewater contaminated with high concentrations of this metal (g·L -1 or more), because such high levels would promote a faster saturation of binding sites, displacing the equilibrium towards a desorption process (3, 4, 12, 13) . Nonetheless, this biomass could be applied in reactors after conventional chemical treatments, to further deplete the nickel content of some industrial wastewaters.
